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(54) Process for producing inorganic microspheres and glass microballoons 

(57) A process for producing inorganic micro- 
spheres (solid spheres nr hnllnw spheres) which com- 
prises pulverizing a material by wet pulverization to an 
ave rage particle size of at most 5 iimJ o obtain a slurry 
of a pulverized powder material spraying the slurry to 
form liquid droplets, and heating the liquid droplets to 
fuse or sinter the powder material to obtain inorganic 
microspheres. Also disclosed are glass microbalions of 
apparent density 0.1 to 1. So/cm 3 and averag e parade 
size in the ranga nf 1 tn ?n (.mwhoroin >80% of the par- 
ticles are of size 1 to 50 urn. 
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- Description 

The present invention relates to a process for pro- 
. ducing inorganic microspheres. 

Solid inorganic microspheres or microbeads are s 
prepared usually by the following methods: 

A method wherein a precursor is formed into micro- 
spheres, followed by heat treatment (method 1). A 
method for producing them by a sol-gel method (method 
2). A method for producing them directly by spraying a w 
molten material (method 3). A method wherein irregular 
shaped (crushed) particles made of the same material 
as the desired microspheres, are fused in a high tem- 
perature flame to produce them (method 4). 

Method 1 is used to produce inorganic silica is 
microbeads by heat treating spherical silica gel as the 
precursor. However, this method is not efficient, since it 
is necessary to produce the spherical silica gel as the 
precursor, and the process tends to be long accordingly. 

Method 2 is used to produce inorganic silica 20 
microbeads by a sol-gel method by hydrolyzing an 
alkoxide in the presence of alkali. However, the cost for 
the starting material is high, and it is not an inexpensive 
production method. 

Method 3 is limited to a glass such as a titanium- 25 
barium type glass, whereby the molten material has a 
high fluidity, low viscosity and high surface tension, and 
the composition of the material is restricted. 

Method 4 is widely employed for the production of 
glass beads. However, when dried glass powder is dis- 30 
persed in a high temperature hot air, the glass powder 
tends to agglomerate as its size reduces, and particles 
tend to fuse at the time of melting the glass, whereby it 
has been difficult to obtain microbeads having a uniform 
particle size distribution and spherical shape. 35 

With respect to inorganic hollow microspheres, 
glass microballoons and processes for their production 
have been proposed, for example, in JP-B-49-37565. 
JP-A-58-1 56551, JP-A-61 -141 47 and JP-B-4-3701 7. 

Namely, JP-A-58-1 56551 discloses a process 40 
which comprises melting materials such as Si0 2 , 
H3BO3. CaC0 3 . Na 2 C03, NH 4 H 2 P0 4 and Na 2 S0 4 at a 
high temperature of at least 1 ,000°C to form a glass 
containing a sulfur content, then pulverizing the glass in 
a dry system, followed by classification to obtain fine 45 
glass powder, which is then dispersed and retained in a 
flame, so that it is foamed by the sulfur content serving 
as a blowing component to form borosilicate type glass 
microballoons. 

Further, JP-B-4-3701 7 discloses a method wherein so 
fine powder having a glass-forming component and a 
Wowing component carried on silica gel, is baked in a 
furnace to obtain glass microballoons. 

In such conventional methods, dried glass fine pow- 
der is dispersed in a high temperature hot air. so that 55 
glass is heated, whereby the viscosity of the glass 
decreases, and at the same time, a gas will be gener- 
ated from the blowing component by thermal decompo- 
sition. By the surface tension, the particle shape 



becomes spherical, and at the same time, the particles 
become hollow due to the gas generated in the parti- 
cles. As mentioned above, in the conventional methods, 
dried glass fine powder is dispersed in a high tempera- 
ture hot air, whereby glass powder tends to agglomer- 
ate as the particle size becomes small, and some 
particles are likely to fuse drying melting the glass. 
Accordingly, it has been difficult to obtain glass micro- 
balloons which are fine and have a uniform particle size. 
Further, dry pulverization is used in the process for 
obtaining the glass powder, and classification is 
required to make the particle size of the product bal- 
loons uniform, whereby a dust is formed, thus leading to 
a problem of environmental pollution, and at the same 
time, the yield of pulverized fine powder tends to be low, 
and agglomeration of the glass powder is likely to occur 
during heating. Consequently, it has been difficult to 
obtain glass microballoons having an uniform particle 
size efficiently in good yield. A long time has been 
required for pulverization, and the classification opera- 
tion of the glass powder has been cumbersome. 

Further, in these methods, to recycle fine powder 
other than of a desired particle size formed in the step 
of classification of the materials and/or the products, it 
has been required to remelt the fine powder to form cul- 
lets. whereby recycling is difficult, and the yield 
decreases, in the case of both microbeads (solid 
spheres) and microballoons (hollow spheres). 

Further, JP-A-6-263464 discloses a method which 
comprises dispersing a precursor of glass in water, 
spraying the dispersion to form liquid droplets, and heat- 
ing and fusing liquid droplets to form glass microbal- 
loons. 

It is an object of the present invention to solve the 
above-mentioned problems of the prior art and thus to 
provide a process for producing inorganic microspheres 
as microbeads (solid spheres) and/or microballoons 
(hollow spheres) having fine and uniform particle sizes 
and easy recycling, which is efficient and applicable in a 
wide range. 

The present invention provides a process for pro- 
ducing inorganic microspheres, which comprises pul- 
verizing a material by wet pulverization to an average 
particle size of at most 5 jim to obtain a slurry of a pul- 
verized powder material, spraying the slurry to form liq- 
uid droplets, and heating the liquid droplets to fuse or 
sinter the powder material to obtain inorganic micro- 
spheres. 

The present invention is suitable particularly for 
processes for producing inorganic microbeads (solid 
spheres) and inorganic microballoons (hollow spheres) 
having an average particle size of at most 50 *im, which 
used to be difficult to produce on an industrial scale in a 
large quantity and at low costs. 

In the present invention, as the material, not only an 
inorganic material, but also a material which can be 
converted to an inorganic material by heating and burn- 
ing, can be used. Further, as the powder material, a sin- 
gle substance material or a glass powder or a so-called 
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glass formulation mixed powder material prepared by 
mixing plurality of mutually different powder materials or 
glass powder to have a desired composition, may be 
used. 

Hereinafter, production of glass microbeads (solid s 
spheres), glass microballoons and microspheres (hol- 
low spheres) having functional powder dispersed 
therein, will be described. However, other inorganic 
microbeads such as alumina microbeads and silica 
microbeads as well as other inorganic microballoons io 
can be produced in the same manner by changing the 
composition of the material. 

When glass microbeads are to be produced, a 
mixed powder material is prepared by mixing various 
powder materials to have a desired composition. The is 
materials to be used for the preparation of the mixed 
powder material include, for example, silica sand, silica 
gel, fumed silica, fine silica powder, alumina, sodium 
sulfate, sodium carbonate, sodium borate, boric acid, 
zinc oxide, titanium dioxide, calcium oxide, calcium sec- 20 
ondary phosphate, potassium sulfate, potassium car- 
bonate, potassium oxide, lithium sulfate, lithium 
carbonate, lithium oxide, lead oxide and glass made 
from these materials. However, the materials are not 
limited to these inorganic substances, and may be 25 
organic substances. 

As a glass obtainable by such a mixed powder 
material, borosilicate glass, sodalime glass or zinc 
phosphate glass may. for example, be mentioned. How- 
ever, the glass is not limited to such examples. The 30 
borosilicate glass is a glass comprising Si0 2 -B 2 0 3 - 
Na 2 0 as main components, and it is used for physical 
and chemical instruments and is excellent in heat resist- 
ance. The sodalime glass comprises Si0 2 -CaO-Na 2 0 
as main components and is usually used for sheet glass 35 
or glass for bottles. The zinc phosphate glass com- 
prises P 2 0 5 -ZnO as main components and is used as 
low melting glass. A glass comprising Si0 2 -Ti0 2 as 
main components has a small thermal expansion coef- 
ficient and is useful as a filler for resins. 40 

Using silica or alumina alone, it is possible to pro- 
duce silica microbeads or alumina microbeads, respec- 
tively. 

By incorporating a blowing agent which decom- 
poses and generates a gas at a temperature at which 45 
the mixed material is vitrified, to the mixed powder 
material, it is possible to produce glass microballoons. 

The blowing agent generates a gas when the glass 
formulation mixed material is vrtrrfied to form spheres 
under heating and thus has a function to make the vitri- so 
f ied molted glass hollow. 

Specifically, the blowing agent may. for example, be 
a sulfate, a carbonate, a nitrate or an acetate of sodium, 
potassium, lithium, calcium, magnesium, barium, alumi- 
num or zinc. Such a blowing agent is incorporated pref- ss 
erably in an amount of from 0.05 to 20.0 wt% as 
calculated as S0 3 . N0 2 or C0 2 in glass. The content is 
adjusted depending upon the particle size of the prod- 
uct and the degree of foaming. As the base material for 



glass microballoons. borosilicate glass is preferred, 
since it has high strength and whereby the degree of 
alkali elution is low. 

In the present invention, the powder material is sub- 
jected to wet pulverization, whereby it is possible to 
obtain inorganic microspheres wherein titanium dioxide, 
cerium oxide, zinc oxide, copper, silver, tin oxide or anti- 
mony pentoxide. which used to be hardly uniformly 
incorporated, is incorporated extremely uniformly in a 
particle form. 

Among them, inorganic microspheres containing 
titanium dioxide, cerium oxide or zinc oxide, have an 
ultraviolet ray-absorbing function. Further, inorganic 
microspheres containing copper, silver or tin oxide have 
an electromagnetic shielding function. Likewise, inor- 
ganic microspheres containing titanium dioxide have a 
photocataiytic function. Further, inorganic microspheres 
containing silver or copper have an antibacterial func- 
tion. Inorganic microspheres containing antimony pen- 
toxide have a flame retarding function. 

In the present invention, the powder material is pul- 
verized by wet pulverization to an average particle size 
of at most 5 ^m. If the average particle size exceeds 5 
um, precipitation of powder material tends to take place 
in the slurry, whereby it tends to be difficult to obtain 
microspheres. This average particle size is preferably at 
most 3 um, more preferably at most 1 um. 

As compared with dry pulverization, the wet pulver- 
ization is easy for fine pulverization and free from envi- 
ronmental pollution by a dust The liquid to be used for 
the wet pulverization is not particularly limited, and a 
flammable liquid such as kerosine, light oil, heavy oil, or 
an alcohol, may. for example, be mentioned. Among 
them kerosine, alcohol or light oil is particularly pre- 
ferred, since it is easy to handle the price is economical 
and easy to purchase. 

Further, it is preferred to use the same liquid as 
used for the preparation of the slurry and then combus- 
tion, whereby the production process can be simplified. 
The concentration of the mixed material in the liquid in 
the wet pulverization step is preferably such that the 
amount of the liquid is adjusted so that the concentra- 
tion of the mixed material will be the same as the con- 
centration of the mixed material in the slurry which will 
be sprayed, whereby the production process will be sim- 
plified. 

The wet pulverizer to be used, is preferably a 
medium-agitation type mill such as a beads mill, 
whereby fine pulverization can readily be carried out. 
and dispersion uniformity of different types of powder 
material will be improved. However, the pulverizer may 
be. any other wet type pulverizer. To minimize contami- 
nation from the material of the pulverizer, the material 
for the liquid-contacting portion thereof is preferably 
selected from the same material as the powder mate- 
rial, such as quarts, alumina, zirconia or a composite 
ceramics of alumina and zirconia, which is excellent in 
the abrasion resistance. 

If the slurry of the mixed material thus obtained 
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does not have a prescribed concentration, an additional 
liquid may be added for dilution, or the slurry may be 
concentrated to the prescribed concentration. If the con- 
centration of the solid content in the slurry is too low, the 
productivity and the economical efficiency will $ 
decrease, and if it is too high, the viscosity increases, 
whereby it will be difficult to form fine liquid droplets, and 
consequently it will be difficult to obtain inorganic micro- 
spheres having a uniform and small particle size. The 
concentration of the mixed material in the slurry is pref- w 
erably within a range of from 5 to 50 wt%, more prefera- 
bly from 10 to 40 wt%. 

A surfactant may be incorporated for dispersion of 
this slurry, for stabilizing the dispersion or for reducing 
the viscosity of the slurry. As such a surfactant, a noni- is 
onic surfactant, a cationic surfactant, an anionic sur- 
factant or a polymer type surfactant may, for example, 
be employed. Particularly preferred is an acid-contain- 
ing oligomer type polymer surfactant 

As the liquid constituting the slurry, a flammable liq- 20 
uid is used so that it will subsequently be sprayed and 
also burned for heating. As such a flammable liquid, an 
organic medium such as a hydrocarbon, an alcohol, an 
ether or a ketone may, for example, be employed. From 
the viewpoint of handling efficiency, the one having a 25 
boiling point of at least 50°C is preferred Particularly 
kerosine. light oil and an alcohol are easy to handle, 
inexpensive and readily combustfole, whereby the 
mixed material can efficiently and uniformly be heated, 
and thus they are suitable for a liquid constituting the 30 
slurry of the present invention. 

Such a slurry is sprayed to form liquid droplets, and 
the liquid droplets are heated, whereby the powder 
material contained in the liquid droplets will fuse or sin- 
ter to form microspheres. When the powder material is 35 
a glass formulation mixed powder material, it will be 
melted to form glass microspheres. 

For the spraying, it is possible to employ a spraying 
device such as a liquid column or liquid film type two 
fluid nozzle, or an ultrasonic sprayer. From the viewpoint 40 
of mass production and efficient atomization, it is pre- 
ferred to use a two fluid nozzle. When the liquid for the 
slurry is a flammable liquid and prevention appearance 
irregular shaped submicron powders, the gas to be 
used for spraying is preferably air, oxygen gas contain- 45 
ing a non-flammable gas or non-flammable gas itself 
such as carbon dioxide gas, nitrogen gas or combustion 
exhaust gas to control the combustion rate of the flam- 
mable liquid. If the gas for spraying is pure oxygen, the 
combustion rate will be high, whereby non-granulated so 
powder tends to deposit on the surface of formed micro- 
spheres, or classification will be required depend on 
usages, such being undesirable. 

Combustion of the flammable liquid is carried out 
while supplying oxygen gas or a combustion-assisting 55 
gas containing oxygen gas. The oxygen gas concentra- 
tion influences the combustion temperature and is 
therefore suitably selected depending upon the temper- 
ature for fusing or sintering the powder material. If the 



oxygen gas concentration is too low, the temperature 
during the fusing and/or sintering will be low. whereby 
formation of microspheres will be inadequate. Further, 
in a case where no adequate energy for fusing or sinter- 
ing the powder material can be attained by the combus- 
tion of the flammable liquid, supplemental heating may 
be carried out by an electrical heater or supplemental 
furnace. 

In the case of microballoons, when the liquid drop- 
lets are heated, the powder material is melted, and due 
to its surface tension and by the gas generated by the 
blowing agent, microspheres will be formed. 

Trie heating temperature depends on the tempera- 
ture at which the powder material fuses or sinters and 
on the residence time. Specifically, the temperature is 
from 300 to 2,500°C. 

Formed inorganic microspheres are recovered by a 
conventional method such as recovery method by 
means of a bag filter or a wet system packed bed. 

Inorganic microbeads (solid spheres) and/or inor- 
ganic microballoons (hollow spheres) thus produced 
have an average particle size of from 0.1 to 20 ^m, 
wherein particles having particle sizes of at most 50 jam 
constitute at least 90% of the entire particles. 

The inorganic microspheres produced by the 
present invention are suitable as a filler. For example, 
when they are incorporated to a resin, warping or defor- 
mation will be small, and smoothness of a molded sur- 
face will be high, since surface smoothness of 
microspheres is high, and thus they are suitable as a 
filler to be used for precision machines and instruments. 
In the case of microballoons, weight reduction can be 
accomplished. Further, in the case of microbeads, it is 
possible to optionally select a material containing little 
eluting impurities, and they undergo little expansion or 
shrinkage and can be loaded in a high proportion, 
whereby such microbeads are particularly suitable for a 
filler for sealing semiconductors such as IC or LSI. as a 
filler which scarcely leads to an electronic device error. 
The inorganic microspheres produced by the present 
invention have good slip properties and show little 
absorption of e.g. oil and fat, whereby they are suitable 
for incorporation to cosmetics. Especially, alumina 
microbeads, silica microbeads and silica-titania glass 
microbeads produced by the present invention are par- 
ticularly excellent in the above properties and suitable 
for the above applications. 

Further, inorganic microspheres containing a pow- 
der having a certain specific function such as an ultravi- 
olet absorbing function, a flame retarding function, an 
electromagnetic shielding function, a photocatalytic 
function or an antibacterial function, can be used in a 
wide range of applications, as they impart a high per- 
formance to conventional fillers. Especially, silica 
microbeads containing a powder having the above- 
mentioned function, not only have such a function, but 
also are excellent in slip properties as they are spheres. 

According to the present invention, it is possible to 
obtain inorganic microspheres having a uniform particle 
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size. This may be explained as follows. Namely, the 
mixed material and the liquid are mixed to obtain a 
slurry, the slurry is formed into fine liquid droplets having 
a uniform particle size, which are then heated, so that 
the mixed material powder contained in each liquid 
droplet is heated, and fuses or sinters or foams to form 
an inorganic microsphere. Especially when a glass for- 
mulation mixed material is used, vitrification can simul- 
taneously be accomplished, whereby the process can 
be substantially shortened. 

Now, the present invention will be described in fur- 
ther detail with reference to Examples. However, it 
should be understood that the present invention is by no 
means restricted to such specific Examples. 

EXAMPLE 1 

Production of glass microbeads 

87.5 g of silicon dioxide. 1 7.4 g of sodium carbon- 
ate, 21 .9 g of calcium oxide, 33.4 g of boric acid, 1 .35 g 
of zinc oxide, 0.65 g of aluminum oxide, 5.3 g of calcium 
secondary phosphate, 3.3 g of lithium carbonate and 2 
g of potassium carbonate were mixed to 700 g of kero- 
sine, and the mixture was subjected to wet pulverization 
by means of a beads mill to prepare a slurry of the mate- 
rial. 

The beads mill used, was made of zirconia and had 
an internal capacity of 1 ,400 ml. Beads made of zirconia 
having an average diameter of 0.65 mm were used in an 
amount of 1,120 ml. The pulverization was carried out 
for 30 minutes at a rotational speed of 2,500 rpm to 
obtain fine powder. The obtained fine powder of mixed 
material was observed by a scanning electron micro- 
scope, whereby the average particle size was 0.5 \im. 

Using air as a spraying gas. the slurry was sprayed 
into air by a two fluid nozzle and, by bringing a flame 
close thereto, ignited to carry out spray combustion to 
obtain fine particles. The combustion temperature at 
that time was 1 ,200°C. The fine particles were recov- 
ered by a bag filter, and the following measurements 
were carried out with respect to the fine particles. 

The average particle size was 8 jam as measured 
by light scattering method, and particles of at most 30 
urn constituted 95% of the entire particles. From the 
observation by a scanning electron microscope, each 
particle was found to be spherical. Further, from the 
result of measurement of the specific gravity by a gas- 
change type specific gravity meter, the fine particles 
were found to be solid bodies. Further, from the results 
of the X-ray diffraction measurement each particle was 
confirmed to be glass. 

EXAMPLE 2 

Production of alumina microbeads 

183.5 g of aluminum hydroxide powder was mixed 
into 600 g of kerosine, followed by wet pulverization in 



the same manner as in Example 1 by means of a beads 
mill to prepare a slurry of the material. 

The aluminum hydroxide was recovered from the 
obtained slurry of the material and observed by a scan- 
5 ning electron microscope, whereby the average particle 
size was 0.5 jim. 

Using carbon dioxide gas as a spraying gas. the 
slurry of the material was sprayed into 100 vol% oxygen 
in a tubular furnace set at 2.500°C by means of a two 
w fluid nozzle and. by bringing a flame close thereto, 
ignited to carry out spray combustion to obtain fine par- 
ticles. The fine particles were recovered by a bag filter, 
and the same measurements as in Example 1 were car- 
ried out. As a result, the average particle size was 5 urn, 
is and particles of at most 30 jim constituted 97% of the 
entire particles. From the results of the scanning elec- 
tron microscopic observation and the specific gravity 
measurement, each particle was found to be a spherical 
solid body. Further, from the results of the X-ray diffrac- 
20 tion measurement, the fine particles were confirmed to 
be a-alumina. 

EXAMPLE 3 

25 Production of glass microbeads containing functional 
Powder 

A formulation material prepared by mixing 49.00 g 
of silicon dioxide, 9.72 g of sodium carbonate, 12.24 g of 

30 calcium oxide, 1 8.70 g of boric acid, 0.76 g of zinc oxide, 
0.36 g of aluminum oxide, 2.97 g of calcium secondary 
phosphate. 1.85 g of lithium carbonate and 1.12 g of 
potassium carbonate, and 36.0 g of cerium oxide having 
an ultraviolet ray absorbing function, were mixed into 

35 600 g of kerosine, followed by wet pulverization by 
means of a beads mill to obtain a slurry of the formula- 
tion material. 

The beads mill used, was the same as used in 
Example 1 , and the pulverization was carried out at a 

40 rotational speed of 2.500 rpm for 40 minutes. A solid 
content was recovered from the obtained slurry of the 
formulation material and observed by a scanning elec- 
tron microscope, whereby the average particle size was 
0.4 fim. 

45 Using air as a spraying gas, the slurry was sprayed 
into air by a two fluid nozzle and, by bringing a flame 
close thereto, ignited to carry out spray combustion to 
obtain fine particles containing a functional powder. The 
combustion temperature at that time was 1,200°C. The 

so fine particles were recovered by a bag filter and the 
same measurements as in Example 1 were carried out. 
whereby the average particle size was 7 jim, and parti- 
cles of at most 30 jim constituted 93% of the entire par- 
ticles. From the scanning electron microscopic 

55 observation and the specific gravity measurement, each 
particle was found to be a spherical solid body. 30 wt% 
of the fine spherical solid bodies. 20 wt% of liquid paraf- 
fin and 50 wt% of vaseline were mixed and sandwiched 
in a thickness of 25 *im between quartz plates, where- 
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upon me light transmittance was measured, and the 
transmittance of ultraviolet rays of 320 nm or less, was 
not higher than 23%, thus indicating an excellent ultravi- 
olet ray absorbing function. 

Now, Examples for producing silica microbeads will 5 
be described. 

EXAMPLE 4 



were found to be spherical solid bodies. With respect to 
these particles, the light transmittance was measured in 
the same manner as in Example 3, whereby the trans- 
mittance of ultraviolet rays of 320 nm or less, was not 
higher than 20%. thus indicating an excellent ultraviolet 
ray absorbing function. 

EXAMPLE 6 



250 g of silica sand powder and 12 g of an acid- 
containing oligomer were mixed into 600 g of kerosine, 
followed by wet pulverization in the same manner as in 
Example 1 using a beads mill to obtain a slurry of the 
material. Silica sand was recovered from the obtained 
slurry of the material and observed by a scanning elec- 
tron microscope, whereby the average particle size was 
0.2 jim. 

Using carbon dioxide gas as a spraying gas, the 
slurry of the material was sprayed into 80 vol% oxygen 
by a two fluid nozzle and, by bringing a flame close 
thereto, ignited to carry out spray combustion to obtain 
fine particles. The fine particles were recovered by a 
bag filter, and the same measurements as in Example 1 
were carried out. whereby the average particle size was 
3 pm. and particles of at most 10 jim constituted 93% of 
the entire particles. From the results of the scanning 
electron microscopic observation, the X-ray diffraction 
measurement and the specific gravity measurement, 
the fine particles were found to be spherical non-porous 
amorphous bodies. From the results of the specific 
gravity measurement, they were found to be solid (non- 
hollow) bodies. 

EXAMPLE 5 

100 g of silica gel, 54 g of titanium dioxide having an 
ultraviolet ray absorbing function and 14 g of an acid- 
containing oligomer were mixed into 600 g of kerosine, 
followed by wet pulverization by means of a beads mill 
to obtain a slurry of a formulation material. 

The beads mill used, was the same as used in 
Example 4, and the pulverization was carried out at a 
rotational speed of 2,500 rpm for 40 minutes. A solid 
content was recovered from the obtained slurry of the 
formulation material and observed by a scanning elec- 
tron microscope, whereby the average particle size of 
the silica gel was 0.2 jim. 

Using carbon dioxide gas as a spraying gas, the 
slurry was sprayed into 40 vol% oxygen by a two fluid 
nozzle and. by bringing a flame close thereto, ignited to 
carry out spray combustion to obtain fine particles con- 
taining a functional powder. The combustion tempera- 
ture at that time, was 1 ,500°C. The fine particles were 
recovered by a bag filter, and the same measurements 
as in Example 1 were carried out whereby the average 
particle size was 2 urn. and particles of at most 10 urn 
constituted 95% of the entire particles. From the results 
of the scanning electron microscopic observation and 
the specific gravity measurement the fine particles 



io The operation was carried out in the same manner 
as in Example 5 except that the spraying gas was 
changed to 100 vol% oxygen, and spraying was carried 
out into 100 vol% oxygen, whereby a fine powder 
formed in addition to spherical particles, and a small 
is amount of such a fine powder was deposited on the sur- 
face of the particles. 

COMPARATIVE EXAMPLE 1 

so 100 parts of silica sand dry-pulverized to have an 
average particle size of 23 um and 5 parts of an acid- 
containing oligomer were dispersed in kerosine to 
obtain a slurry having a concentration of 40%. Spraying 
was carried out in the same manner as in Example 5 f 
25 whereby silica sand was separated and precipitated, 
and the spraying was not stabilized, and the obtained 
powder contained irregularly shaped particles and had 
a wide particle size distribution. Accordingly, the powder 
was poor in the sliding properties. 

30 

COMPARATIVE EXAMPLE 2 

Silica sand powder wet-pulverized in the same 
manner as in Example 5. was recovered from the slurry, 
35 and the dried fine powder was subjected to spray com- 
bustion in 100 vol% oxygen by liquid propane gas, 
whereby the average particle size of the obtained silica 
particles was 30 um, and a fine powder was deposited 
on the surface of the particles in a substantial amount. 
40 Now, Examples for producing glass microballoons 
will be described. 

EXAMPLE 7 

45 17.5 g of silicon dioxide, 6.7 g of boric acid and 8.6 
g of sodium sulfate were mixed to prepare a glass for- 
mulation material, which was subjected to wet pulveri- 
zation by a ball mill to obtain a slurry of the glass 
formulation material. The ball mill used, was a table type 
so ball mill having an internal capacity of 500 ml and bails 
made of alumina and having diameters of from 10 to 15 
mm were used in an amount of about 250 ml. Into such 
a ball mill, the above glass formulation material and 150 
g of kerosine were introduced and wet-pulverized at 100 
55 rpm for 8 hours to obtain a slurry of the glass formula- 
tion material. The glass formulation material was recov- 
ered from the obtained slurry and observed by a 
scanning type electron microscope, whereby the aver- 
age particle size was 2.1 um. 
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Using air as a spraying gas. the obtained slurry of 
the glass formulation material was sprayed into air and. 
by bringing a flame close thereto, ignited to carry out 
spray combustion, whereby vitrification and production 
of glass microballoons were carried out simultaneously. 5 
The pressure for spraying at that time, was 1 .5 kg/cm 2 , 
and the size of each liquid droplet was about 20 urn. 
The obtained glass microballoons were recovered by a 
bag filter and then mixed with water and subjected to 
centrifugal separation, whereupon the floating ratio on 10 
water was measured, and about 40 wt% of microbal- 
loons were found to float on the water surface. The aver- 
age particle size of the glass microballoons floating on 
the water surface was 1 1 jutl By the scanning electron 
microscopic observation, particles of at least 30 \im 15 
were found to be less than 5%. and no particle exceed- 
ing 50 jjm or less than 3 \im was observed. The appar- 
ent density measured by a gas-change type specific 
gravity meter was 0.65 g/cm 3 . Further, the obtained 
glass microballoons were found to be vitreous, as a 20 
result of the X-ray diffraction measurement. 

EXAMPLE 8 

70.0 g of silicon dioxide. 12.9 g of sodium carbon- 25 
ate. 17.5 g of calcium carbonate. 26.7 g of boric acid. 
1 .1 g of zinc oxide. 0.5 g of aluminum oxide. 4.2 g of cal- 
cium secondary phosphate. 2.7 g of lithium carbonate. 
1 .6 g of potassium carbonate and 1 .27 g of sodium sul- 
fate were mixed into 600 g of kerosine. followed by wet- so 
pulverization in the same manner as in Example 1 using 
a beads mill to obtain a slurry of a glass formulation 
material. 

A glass formulation material was recovered from 
the obtained slurry and observed by a scanning elec- 35 
tron microscope, whereby the average particle size was 
0.5 urn. 

Using air as a spraying gas. the obtained slurry of 
the glass formulation material, was sprayed into air by a 
two fluid nozzle and, by bringing a flame close thereto, 40 
ignited to carry out spray combustion to obtain glass 
microballoons. The glass microballoons were recovered 
by a bag filter and then mixed with water, followed by 
centrifugal separation, whereupon the floating ratio on 
water was measured, and about 65 wt% of the micro- 45 
balloons were found to float on the water surface. 

The average particle size of the glass microbal- 
loons floating on the water surface was 15 urn. By the 
scanning electron microscopic observation, particles of 
at least 25 \xvc\ was found to be less than 5%, and no so 
particle exceeding 50 jim or less than 3 nm was 
observed. The apparent density of the product floating 
on water, as measured by an air-comparison type spe- 
cific gravity meter, was 0.5 g/cm 3 . The obtained glass 
microballoons were found to be vitreous, as a result of 55 
the X-ray diffraction measurement. 



EXAMPLE 9 

Production of silica-titania glass microbeads 

100 g of silica gel having an average particle size of 
10 \xm, 6.4 g of titanium oxide having an average parti- 
cle size of 0.25 ^m and 11 g of an acid-containing oli- 
gomer, were mixed into 600 g of kerosine. followed by 
wet-pulverization in the same manner as in Example 1 
using a beads mill to obtain a slurry of the material. 

A powder was recovered from the obtained slurry of 
the material and observed by a scanning electron 
microscope, whereby the average particle size was 
about 0.2 |im. 

Using carbon dioxide gas as a spraying gas, the 
slurry of the material was sprayed into a gas comprising 
40% of oxygen and 60% of carbon dioxide gas by 
means of a two fluid nozzle and, by bringing a flame 
close thereto, ignited to carry out spray combustion to 
obtain fine particles. The fine particles were recovered 
by a bag filter. From the elemental analysis by fluores- 
cent X-ray, the content of titania was found to be 6 wt%. 
The average particle size as measured by a laser beam 
scattering method was 3 Mm. and particles of at most 1 0 
pm constituted 93% of the entire particles. From the 
results of the scanning electron microscopic observa- 
tion, the particles were found to be spherical, and from 
the result of the X-ray cfiffraction measurement, they 
were found to be amorphous. Further, from the result of 
the specific gravity measurement, they were found to be 
solid bodies. Such siiica-titania glass microbeads were 
baked in a baking furnace to obtain a formed product, 
and the linear expansion coefficient of the formed prod- 
uct was 0.1 x 10* 7 (/°C). 

COMPARATIVE EXAMPLE 3 

100 parts of silica sand dry-pulverized to have an 
average particle size of 23 urn and 10 parts of titanium 
oxide having an average particle size of 0.25 urn, were 
mixed, and this powder was subjected to spray combus- 
tion in 100 vor% oxygen by liquid propane gas, whereby 
silica particles and titania particles did not completely 
fuse to each other, and from the X-ray diffraction, peaks 
of titanium oxide crystals were detected, whereby a sii- 
ica-titania glass powder having a uniform composition 
was not obtained. Further, a fine powder having irregu- 
lar shapes was contained in a substantial amount 

EXAMPLE 10 

100 g of silica gel having an average particle size of 
50 \xm, 9.5 g of boric acid having an average particle 
size of 25 urn and 11 g of an acid-containing oligomer 
were mixed into 600 mg of kerosine. followed by wet- 
pulverization in the same manner as in Example 1 using 
a beads mill to obtain a slurry of the material. 

A powder was recovered from the obtained slurry of 
the material and observed by a scanning electron 



7 



13 



EP 0 801 037 A1 



14 



microscope, whereby the average particle size was 
about 0.2 fim. 

Using carbon dioxide gas as a spraying gas, the 
slurry of the material was sprayed into SO vol% oxygen 
by means of a two fluid nozzle and. by bringing a flame 
close thereto, ignited to carry out spray combustion to 
obtain fine particles. The fine particles were recovered 
by a bag filter. By the elemental analysis by a wet anal- 
ysis. Si0 2 was found to be 95 wt% t and B2O3 was found 
to be 5 wt%. The average particle size as measured by 
a laser beam scattering method was 3 ^m, and particles 
of at most 20 \xm constituted 97%. From the results of 
the scanning electron microscopic observation and the 
X-ray diffraction measurement the particles were found 
to be spherical amorphous bodies. From the result of 
the specif tc gravity measurement by a air comparison 
type specific gravity meter, they were found to be solid 
bodies. 

EXAMPLE 1 1 

The operation was carried out in the same manner 
as in Example 1 except that 82 g of silica gel having an 
average particle size of 50 pen, 25 g of boric acid having 
an average particle size of 25 pm, 2 g of alumina having 
an average particle size of 10 urn. 5.5 g of sodium car- 
bonate having an average particle size of 30 jim and 1 1 
g of an acid-containing oligomer were used. The 
obtained powder was subjected to elemental analysis 
by ion chromatography, whereby the contents of Si0 2 . 
B20 3 , AI2O3 and Na 2 0 were 82 wt%. 13 wt%, 2 wt% 
and 3 wt%, respectively. The average particle size as 
measured by a laser beam scattering method was 5 urn, 
and particles of at most 20 urn constituted 95%. From 
the results of the scanning electron microscopic obser- 
vation and the X-ray diffraction measurement, the parti- 
cles were found to be spherical amorphous bodies. 
From the results of the specific gravity measurement by 
an air comparison type specific gravity meter, they were 
found to be solid bodies. 

According to the present invention, inorganic micro- 
spheres having a uniform particle size can readily be 
produced on an industrial scale. When a flammable liq- 
uid is used as a liquid for the slurry which can subse- 
quently be used for heating the powder in the slurry, the 
heat efficiency and the operation efficiency will be 
improved, and microspheres can easily be produced 
even from a material having a high fusing or sintering 
temperature. Further, wet pulverization is employed for 
pulverization of the material, whereby the pulverization 
IS easy, and the uniformity will be improved. The portion 
of the material after classification which is not used for 
the product, can be easily recycled to the wet pulveriza- 
tion step, whereby no environmental pollution due to a 
dust will result Further, when the material is a glass for- 
mulation material, vitrification can simultaneously be 
accomplished during the spray combustion step, 
whereby no separate step for preparation of glass cut- 
lets is required. 



Claims 

1. A process for producing inorganic microspheres, 
which comprises pulverizing a material by wet pul- 

5 verization to an average particle size of at most 5 
\im to obtain a slurry of a pulverized powder mate- 
rial, spraying the slurry to form liquid droplets, and 
heating the liquid droplets to fuse or sinter the pow- 
der material to obtain inorganic microspheres. 

TO 

2. The process for producing inorganic microspheres 
according to Claim 1 , wherein the liquid used for the 
wet pulverization and for the slurry is a flammable 
liquid. 

15 

3. The process for producing inorganic microspheres 
according to Claim 1 or 2, wherein the powder 
material is fused or sintered by combustion of a 
flammable liquid of the slurry. 

20 

4. The process for producing inorganic microspheres 
according to anyone of Claims 1 to 3, wherein 
spraying the slurry is performed by a two fluid noz- 
zle. 

25 

5. The process for producing inorganic microspheres 
according to Claim 4. wherein the gas to be used 
for spraying is a non-flammable gas, its mixture, air. 
oxygen gas containing a non-flammable gas and/or 

30 their mixtures. 

6. The process for producing inorganic microspheres 
according to anyone of Claims 1 to 5, wherein the 
material is quartz or silica sand. 

35 

7. The process for producing inorganic microspheres 
according to anyone of Claims 1 to 6, wherein the 
material contains a powder of a metal oxide having 
an ultraviolet ray absorbing function or its precursor. 

40 

8. The process for producing inorganic microspheres 
according to anyone of Claims 1 to 7, wherein the 
powder material contains a blowing agent which 
foams under heating, and the powder material 

45 fuses to form microballoons. 

9. Glass microballoons having an average particle 
size of from 1 to 20 \xm and an apparent density of 
from 0.1 to 1 .5 g/cm 3 , wherein particles having par- 

so tide sizes of from 1 to 50 ^m constitute at least 80% 
of the entire particles. 

10. The glass microballoons according to Claim 9. 
which contain a metal oxide having an ultraviolet 

55 ray absorbing function. 
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